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PBEFACE. 


It has been intended to bring the book well down to date, 
and to indicate to the student the sources of information on 
subjects which are necessarily here treated inadequately on 
account of the limitations of time and space. 

Special acknowledgments are due to Professor Langley and 
to his publishers, Messrs. Ticknor & Co., for the use of a 
number of illustrations from his beautiful book, “The New 
Astronomy”; and also to D. Appleton & Co. for the use of 
several outs from the author’s little book on the Sun. Pro- 
fessor Trowbridge of Cambridge kindly provided the original 
negatave from which was made the cut illustrating the com- 
parison of the spectrum of iron with that of the sun. Warner 
Sd Swasey of Cleveland and Faiith & Co. of Washington have 
also furnished the engravings of a number of astronomical 
instruments. 

Professors Todd, Emerson, Upton, and McNeill have given 
most valuable assistance and suggestions in the revision of the 
proof ; £is indeed, in hardly a less degree, have several others. 

PujarcBTON, N. J.j^ugust, 1888. 


PEEEACE TO THE REVISED EDITION. 



The progress of Astronomy has been very rapid since the 
first publication of this book -in 1889, and, although in the 
nreautime the author has attempted as far as possible to keep 
the successive issues “ up to date ” by minor chaftges, notes, 
ancL addenda,” it has at last become imperative to give 
the work a thorough revision, rewriting certain portions and 
maVi ug considerable additions, in order to embody the new 
aud important r^ult^ *®hieh have been obtained during the 
last ten years. • 

Thwe Appendix has been enlarged by several articles 
giving the demonstration of certain fundamental methods and 
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feirttuilu! for which, in prcviutiM cditioiiH, the »tii«lrfii w.*i 
referred lo (jlher wurkn not 5dwaj« «!r»iiveiUi*nti}' iirriwihli 
In one or two of thene iirtiides tlu* C’liIriduH in nwi'anitril 
lined. 

d’lu< vuriouH IfihleH Imve iMuni eoiTerh'd !o rorroHjtoiid wit 
the lalenl and inuHt, authont«ti%'e thitai and a «et of illiwtraliv 
(!xereiH(>H IiiiH In-en added at the end of iieaily ev«-tv rhapler. 

While the hook law IhuH Inieii ueeeHHarily wiiitmvh.it iiienwi*' 
in Hi/ 4 \ t.h*' ehang'cH have lanni ho miinagetl (hal no i4erioitt4 ilill 
e.uliy will he eiieoimtered in UHtng the new edition iihmg %vil 
the older i.HHUeH. 'riie tirigiiial imi!d«*riu|^ of llie or/iV/r* Iw 
iK'.en retiiined ihroULdunti, with <»idy one, <»r two exre|ttii»iii 


It, w neneveti ijiai uic* intoK, ho tar an uh Keo|M! i‘.sieifn#«, 
may now 1 h', taken its fairly repreHentiiig the |»reM*iii Htiite of 
the H<'ieitet‘, ulthtHigli koiih* of the nuwt im|a»rtiijii recent db- 
eoverii'H are hardly inadi* ho prominent iw wonid have la*eii the 
eaHe if the revwioii had iu»t Iwvn Hid^tiintiidly eomnleted and 
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In thiM iHHue of the Ileviiied Edition it eon,Hideridi|e nmniwf 
.. e.orruetion.H, fhangt^n, ami utldilioiiH have l»**fii iiiiide In the 
text, fOid ihri'e A«Idemla Inivt^ In'en a|*|«*nded, in order t« hriiiif 
the book nji tcj date !W far iih |M.m.Hihlo. 
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INTRODUCTION. 


1 . Astronomy (ao-rpov vO|U,os) is the science ■which treats of the 
heavenly bodies. As such bodies we reckon the sun and moon, the 
planets (of which the earth is one) and their satellites, comets and 
meteors, and finally the stars and nebulae. 

We h§^ve to consider in Astronomy; — 

(а) The motions of these bodies, both real and apparent, and the 
laws which govern these motions. 

(б) Their forms, dimensions, and masses. 

(c) Their nature, constitution, and conditions. 

(d) The effects they produce upon each other by their attractions, 
radiations, or by any other ascertainable influence. 

It was an early, and has been a most persistent, belief that the 
heavenly bodies have a powerful influence upon human affaii-s, so 
that from a knowledge of their positions and “aspects” at critical 
moments (as for instance at the time of a person’s birth) one could 
draw up a “horoscope” which would indicate the probable future. 

The pseudo-science which was founded on this belief was named 
Astrology, — the elder sister of Alchemy, — and for centuries As- 
tronomy was its handmaid ; i.e . , astronomical observations and cal- 
culations were made mainly in order to supply astrological data. 

At present the end and object of astronomical study is chiefly 
knowledge pure and simple ; so far as now appears, its development 
has less chrect beai’ing upon the material interests of mankind than 
that of any other of the natural sciences. It is not likel}'^ that great 
inventions and new arts will grow out of its laws and principles, such 
as are' continually arising from physical, chemical, and biological 
discoveries, though of course it would be rash to say that such out- 
growths are impossible. But the student of Astronomy must expect 
his chief profit to be intellectual, in the widening of the range of 
thought and conception, in the pleasure attending the discovery of 
simple law working out the most complicated results, in the delight 
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over the beauty and order revealed by the telescope in systems other- 
Tvise invisible, in the recognition of the essential unity of the mateiial 
universe, and of the kinship betweeb his own mind and the infim e 
Reason that formed all things and is iminanent in them. 

At the same time it should be said at once that, even from the 
lowest point of view, Astronomy is far from a useless science. e 
art of namgatwn depends for its very possibility upon astronomica 
prediction. Take away from mankind their almanacs, sextants, anc 
chronometers, and commerce by sea would practically stop The 
science also has important applications in the survey of extended 
regions of country, , and the establishment of boundaries, to say 
nothing of the accurate determination of time and the arrangement 
of the calendar. 

It need hardly be said that Astronomy is not separated from km- 
dred sciences by sharp boundaries. It would be impossible, for in- 
stance, to draw a line between Astronomy on one side and Geology 
and Physical Geography on the otiaer. Many problems relating to 
the formation and constitution of fee earth btog alike to all three. 

2. Astronomy is aivi^Jhfe»aafbr^ciies, soine of 

ip Wiin aTily recognUBj^l, aace « 

1. as its name implies, is merely 
an orderly sfefemmit of astrcmomical and principles. 

2. Practical Astronomy.— This is quite as much an art as a 
science, and treats of the instruments, the methods of observation, 
and the processes of calculation by which astronomical facts are 
ascertained. 

3 Theoretical Astronomy, which treats of the calculations of orbits 
and epbemerides, including the effects of so-called “perturbations.” 

4. Medianical Astronomy, which is simply the application of me- 
dianical principles to explain astronomical facts (chiefly the planetary 
and. lunar motions). It is sometimes called Gravitational Astronomy, 
because, wife few exceptions, gravitation is the only force sensibly 
in fee motions of fee heavenly bodies. - Until within thirty 
veaam fefis branch of fee science was genepally d.eB%na.ted as Fhysiacd 
bnt the term is bow objectionable because of late it has 
‘ bee® used by many writers to denote a v^ different and compara- 
““ tively new bxanfe of fee science ^ vizu, ---^ 
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r». Spherio&l Astronomy, • Thi«, cliHriinling all c’»iif<ii|i»raf.i»»n «if 
silwolut-f {liau'twitjJis aiul trrsitM tin? li«»avi»isly iKulirji 

Hiiaply as aifiviiin f>n tint of iho (’t’lofitiiil 

it huH t«» (Iti njily with iuimU'H ami diroctioim, and, siriftly ri’gn,r«lr»l, 
is ill fiM't jnori'ly iSplicrifal Trigmioiiiotry ajijilijnl u> Anlrtmmny, 

8. Tim iilKivi'-iiuitHsl hn»i«‘ht*H aro m»t tliMtissKt niul s**|»arat.«% li«t 
tlioy {J¥i*rla|i in all clirts'tisniH. Huln^ritntl Astronomy, r»*r i«f4liiinn% 
liml» clf*iiicmKtmlic>n of many »f it« fr>rnmlin in 
AHtronomy, ami tlnnr apjilitiatiun H|i|Hnirs in Tlm«r«‘tlml am! 
tit'iil AKtroiicmty. Hut valimbln works nxiMt Imarinii all tin* diffnr- 
out titloK tinlic’fttrd alwivo, urnl it i« important f't»r thi* to 

kmiw wliat snluji'cis In* may nxjw'rt to fnul dismwwd in nwli ; ft»r 
fcliis rniwtiit it has an«*iin‘d worth wliilo to luntin and ilidiiio tim 
twvnral hriundios, idtlnnigh timy <lo not di«t.ritiuf.« tlm wdinioo 
fcwonn fclmtii in any utrintly logirid and mutually oxoliwivi* maniior. 

In tim nn^atuifc tj'itrdaMtk littln rngard will In* to tliono wih* 
divisions, iirifo tho ohjnot of tlin work in m»t tii prownt ii «itii|»lot« 
am! prcdtMiml ilim'ttsaisjii of tlm milijw!t «wi«h iw wotihl l«t d«••ltt;4nllln| 
by a |irtifii«lc>tifd iwtrcitionmr, lint only to givo in niindi knowlmlgi* 
of fclni fiWTti and snub iin undi^rstanding of tin? |irtitoi|»b*« of llm 
ttsioimii m may fairly niaim to la? in a litM*rii.l i‘iliioatiiin. 

If this r«»M«lfc is gaitmd in tb« miwInr’M it may wwily h»|i|»«ni 
that b« will wish b>r morn tbiui bo nan find in fclioMo pagoi, amt 
tlmn bo muKt. luivo rocsnirsn to works of a bigtmr ordor and fur 
mow ililflttult, dealing with tb« ntibjort iitofo In diitail and moris 
tliorongbly. 

To iii«fc©f tbfi pwiaunt Iwok no fiirttior p»|mmtlon k in^wswiry 
tlmn » f«ry ®I«ii#iitary knowlidgii of Algobrn, tkwmotry, ami 
Trifonomidry, and a iiinikr a«i|iiaiiitane« with AI**tdiatii<« aitd 
Tbjiieii, iii|»B.mlly 0|itlni, Wbl'b notlilng iliort of liigti rontln?. 
inaticfid fitfaiinnientu will I'liiibb* mm to tMicuiiiii otiiiinmfc in tins m4> 
enoe, ytd a fiorfbot c;um|»ridMni»loii of »|| itn ftimlawitnitAl m»fcln:Mii 
and prlnc5i|do8, and » v«ry iatlufantory mqmmuimnm witli it« fimiii 
p»s«lt«, k quitn within tb« reimli of mtwy |»er«tin of ordinitry iiit#b 
llgenoft, witbtmfc any wow nitewlvt? traJning fclmn way In? Iijui in 
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our common schools. At the same time the n©o»iary itelemitiite 
and demonstrations are so much facilitated by the use of tfigoiio* 
metrical terms and processes that it would be uuwise to 
with them entirely in a work to be used by pupils who huffi 
become acquainted with them. 

In discussing the different subjects which present MiimtilTii, 
the writer will adopt whatever plan appears best fitted to eouvey 
to the student clear and definite ideas, and to impress them itfioti 
the„mind. Usually it will be best to proceed in tln^ Kuelidr-an 
order, by first stating the fact or principle in qim.^tion, atid thfO 
explaining its demonstration. But in some easeH tin* invor,-.*' |»i<* 
cess is preferable, and the conclusion to be reaeliffJ nill appr.u 
gradually unfolding itself as the result of the olwervations upoi} 
which it depends, just as its discovery camts about. 


The occasional references to "Physics ” refer to the Kferaerntery 
Texh-Book of Physics, by Anthony and Bracskett ; revi^l 

edition, 1897 . John WUey Sons, N.y, 
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(ilAI’TKH 1. 

T!IK ^MiOC'TItlNE OF THE HIHIKUE," HKFlNITlOKli, ANH OHNEHAl, 

(’t)NHfHEUATtOKH, 

Ahtuoxumv, likf* all the «>thcr Hritnua*.*?, hiis a tr^raiiimlnuy nf tin 
t»wn, aiitl list's technical ifrniH in tlip tli'Rtnipt-itnj u{' ita farts ami 
pht'iimtit'ua. Ill a {mjmlar {»KHay it wtniW tH rmirs** Im' {frt*|K*r Im 
avtiitl^Munli terirm an far a« lamaihlf, avi'ii at tin* i'X|w'fif«'' f»f 
itanitkms arul (iflaaninnal aiiilnK'uity ; but in it it in ilrmrahln 

that, thfi rriulfT slmultl hr iul.rialufinl to thi* most. im{M»rt;»«t of tlji-rfi 
at thu vrrv initsot, ami uiiulr Huftirifiitly fiimiliur witli llu*m to u»« 
tham iiit«'Ui|^«'ntIy ami amirati'ly. 

4. Tha C®le*fciftl Sphere. To nri ali‘i»«r¥f‘r lot»king ii|> to tlo* 
ImavuiiH at night it mnutis as if tin* Htiirs wrru glitt4'r}ii|f j«niiis 
attauhwl to tlm iinuT surfat’o of adoism; simu* wo liitvi* tm itiroot in'r- 
ot*|jtion of thoir tliHtAum* tlioru i« un mtaoii to iitiiigiuo funiio fioius-r 
than othiTs, ami so wo irnailunlarily think of tho iisirlimo im Mphrtifutl 
with cmriwlvog in its euntm <fr If wo Momotiim'S llmt tho i»t,itrs 
ami otlmr objeuts in Itio sky roiilly differ in distaiiw, wi« atill infsliiiO’ 
tividy imagine an inttiiiuiso s|»liiirii snrrtnititltng iim! I'mdoHitig all. 
U|K>r» thi» Mplirru wo imfigiim Iiiioh and riroh'-H trarrd, rmtmuiditig 
morti or Iomm tin* «mridiuii« amt |tariilhds uj»«u tlii* r4urlart» of thr 
ami liy roformu'o to tlmso firrloH wo iiro abl#» to ilmTib* ititidiiifonlly 
fchw a|i|Mir«'nt }»oidtionH ami motioiiM of tin* Inmi’miy 

This cjHiestiid fi|ihor« may l«.i rogardwl in oitimr of two difTnrrnt 
way», kith of whirdi aro oormcst ami Iniiwl to idmitiiml 

(a) Wi may inmfin# it, in tli« ftrifc |ila«e, &s tmnii|«irn»t. ami «f 
rnnrfdy finite (tbmigii tmiktemilimd) dinmniioiw, imi if$ Mumr u'ti t/ 
mt (iffttehfd fo, tund mmierlmi tmth^ the utmernr thtti hit (to/r 
fBtntdm at Its rmire tidterew he rjne», Eatdi olworvwr, in llii» way 
of ¥iowing it, imrrios \m own iky with him, am! In tho eeiitro of lik 
own heavniw. 

(h) Or, in thfl smmd idacn, — .’aiid fclilii ii ginmraily tlwi morf* foti- 
venitnt way of regardiiig th« matter, wti way consider the mhmiml 
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sphere as mathematically iti its dlraeniioM : thiifi, let Itie 

observer go where he will, he oaimot aewsibly get away tmm it^ 
centre. Its radius being “ greater tlian any assigimbli qiatttify;* 
the size of continents, the diameter of the earth, tlwi cilstiiiic*^ i»t tit^ 
sun, the orbits of planets and c?«mete, evem tlie hiiuw'H ludwrffi llwf 
stars, are all insignificant, and tho wlmh^ visible nniveiw sbrinit* 
relativebj to a mere point at its centre, hi what falhnv.H «.• Ji.tll 
use this conception of tlie celestial sjilic’n'.* 

The apparent jilace of any (felential hotly will flu e I*’- 
on the celestial sphere wliere the line drawn Irmu lis* *'i 
observer in the direction in whieli !i(‘ .see.s tin* objnrf. an>i t-4 

indefinitely, pierces tlie splu're. 'riius, in fiiturr I, .1, /•, * -if* 

tin’ apjinrent jtlaei-s ut *?, .iwd 
the (iliHerVef liidlif: nt 'Mn- ;i|* 

{larent pl.'u’e i>t .t 
ttvideiitly df‘j«esnfH .uniri) isirt*!! ji# 
aiul is wlmllv 

of its dminm't' frow IJh* i4»:»«’n'r-r. 



5. LlaeftrtadAaplarClatniitai. 

— Linmr tliini'iiftifujis iir«’= ^eirlj -.m m.>%% 
be eiprenw’d in /wrur Miuta ; rr,, iis 
miles, feet, or iiiriies; ns *si 

are exprcHged in tisni* ; sr,, 

m right angles, in radians,® or (mort* eoiiiiitonlj «« 1 lu 

degrees, minutes, and seconds. TbuM, for iiiatonei’, ili*.? iitmit mrna 


Fia.l. 


r To most persons til# #1^ ntit t irtie <1 

vault,' as if the horizon were mow reaitite ttiui the fe 4 •iii.yviitr 

effect due mainly to the taterreiiinf trtwiw m mshI il»? fy, 

sun and moon when rising or wttit« iorik »ttr* ik»i i|#r| 

higher up, for the same mmon, 
a A raMm is the angle which k niiWwitwl by m Are w|ii«| §« 

Since a circle whose radius Is mlty Im a vlrwwfwtw* «f 3 «i4 imr, 

or 21,600^ or l-,290,OOr, it. foMowi &*t * rwlfa« ^ ,,.r ( 

• frtiia S3 SlJf 


/X296000\"'' , 


II 




it ft/ ift# aumk^r & 

rnmon of Whm W0 0hm hmte U mqrnrnt 


THE “DOCrriilNK OF THE SI'HKEE. i 

iliametor of tlio kuu m about r>97,b(lb kiloinotn'K (4'l.'b000 wiios), 
wliilo itH antjular Hcoiudiainotor i« about 10 ', or a liltlo u»»ri» than 
a (quarter of a tlogrco. ObviouKly, angular unite alwin oau uropotiy 
be* uat'd in cicKcribiiig up|iar«'ut dintanwH and diinenHiorm in tin* Kky. 
For iuHtanen, om* camiot nay r(irro«>tly that iho twf> ntarH whiub arc* 
kiKtwn an “tin* {niiutcrH ” art* two or iivo or ton apart: tlwir 
diHtfUKU! in about, iivo ihfjirrx. 

It iu KoiiH'tinu'H <>(uivo!ii(‘nfc to npoak of t!n» unit 

of whioh in a “fi(|uaro dogroo” (sr a ” square' minute*”; i.t\, a .‘Uiiall 
Htpiare' iti tin* akj eef whitdi oacb aielo i« 1” e»r 1'. 'rims we* tnuy 
oeunparee ilu« ategular ure*a (»f fclio oemsle'llatiou Orion witli that of 



mtDstrioKS AHD 


In tke case of tli.© moca^ ^ 

w B» « 


.atat i8»»^ f 


ittlW' 


miles. Keace s — a » » y ” 

tou i o£ a degre' 6 , 0 . about ass'. 

It may be meationed he» as “ !«„*, Ab mew* b* •* 

ra"at— T 


I r 1 .n t<'i 1 1t *1 HIH*’^ I Kf I « t 

7. VanisMng Point. — Any .Hj,|,rrr .»i ,i 

one direction will appear to j ,t|an»i»-4 «» M- 

point. They actually 

surface of the spheie iuHiiiU-lv «li;4;uii .uilr.o' thr«* 

tances between the lines, b U |j;vuubh% .•asb!«-ii<ln»il 

linear distances, being only ’ aHsitfiuiblo. '{'I**' 
the centre angles less lan a y ^ npinimitly 

points, therefore, coalesce mto a ^ 

“dTiUto ?a«Z« to <«a «« 1«”«' *” 

celestial pole. 


Ill* 


POINTS ANP CIHOIiES OF 

R ThB Zenith, - The Zenith h. the p’d»t mHk«lh ■ 

the point where a plumb-line, pfoduccd upwanlu. w-ul.l J.ijt"' 
sky f it ie determined hy the direetim nty *!...«. th- ..l». < 

Tthe earth were - 

^nrd w the eSeemer meet, the eky fW «««.. a. w.- . .a 
,Srie,ea£ter, the eexth ie not an e»«t glo^, ^ “f j“ ' 

a point known as the OtmOnf. /^»ttk, wi.i..l .« i...l *4. ». 
tS T^h tto 2Vi« or Atkmmieal Ztnith, il«t«riime4 hy U'.- .l.r™’- 
tion of gravity. 

9. The Hadii,— la® Ml i* the point <>ppo»it« the **oi»h 

under foot, of course. at. i i ia»» 

Both zenith and na^ Mi lewwtl fwioi tli« kmU^, wliirli U 

guage has also given ua many oikW mm$: 


«5e 81,: at ms «id «l 


^ ' 

REFEBENCE POINTS AND CIRCLES. * . 9 

10. Horizon. — The Horizon ^ is a great circle of the celestial 
spLere, having the zenith and nadir as its poles : it is therefore 
half-way between them, and 90° from each. 

A horizontal plane, or the plane of the horizon, is a plane perpen- 
dicular to the direction of gravity, and the horizon may also be 
correctly defined as the intersection of the celestial sphere by this 
plane. 

Many writers make a distinction between the sensible and rational 
horizons. The plane of the sensible horizon passes through the 
observer ; the plane of the rational horizo^ passes through the cen- 
tre of the earth, parallel to the plane of the sensible horizon : these 
two planes, parallel to each other, and everywhere about 4000 miles 
apart, trace out on the sky the two horizons, the sensible and the 
rational. It is evident, however, that on the infinitely distant sur- 
face of the celestial sphere, the two traces sensibly coalesce into 
one single great circle, which is the horizon as first defined. We 
get, therefore, but one horizon circle in the sky. 

11. The Visible Horizon is the line where sky and earth meet. 
On land it is an irregular line, broken by hills and trees, and of no 
astronomical value ; but at sea it is a true circle, and of great im- 
portance in observation. It is not, however, a great circle, but, 
technically speaking, only a small circle ; depressed below the true 
horizon by an amount depending upon the observer’s elevation 
above the water. This depression is called the Dip of the Honzon, 
and win be discussed further on. 

12. Vertical Circles. — These are great circles passing through 
the zenith and nadir, and therefore necessarily perpendicular to the 
horizon — secondaries to it, to use the technical term. 

Parallels of Altitude, or Almucantars. — These are small circles 
parallel to the horizon : the term Almucantar is seldom used. 

The points and circles thus far defined are determined entirely 
by the direction of gravity at the station occupied by the observer. 


13. The Diurnal Dotation of the Heavens. — If one watches the 
sky for a few hours some night, he will find that, while certain stars 
rise in the east, others set in the west, and nearly all the constella- 
tions change their places. Watching longer and more closely, it will 


1 Beware of the common, but vulgar, pronunciation, M&rizon. 



sphere — the point about which it turns — is in the north, not quite 
half-way up from the horizon to the zenith, fox in that region the 
stars hardly move at all, but keep their places all night long. 

' • * 

14. The Poles. — The Poles may be defined as the two points in 
the sky, one in the northern hemisphere and one in the southern, 



»i6te a. Jto* diurnal circle reduces to mo ; i.e., points where, if a star 

’Ti ™ “'lange of place during the 

wtefe^J*np tora. Tte line joining these poles is, of course, 
he^ of to eelesM sphere, about which it seems to rotate daily, 

obserwing so’me star 

between the two obsearred places of the star 

as to th^S“of°lf® ^ ‘■^'i^P^'ient of any theory 

as to to eswe of to apparent rotation of the heawens. If, how- 
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ever, we admit that it is due to the earth’s rotation on its axis, then 
we may define the poles as the joints where the earth's axis produced 
pierces the celestial sphere. 

15. The Pole-star (Polaris). — The place of the northern pole is 
very conveniently marked by the Pole-star, a star of the second mag- 
nitude, which is now only about from the pole : we say now, be- 
cause on account of a slow change in the direction of tlie earth’s 
axis, called “ precession ” (to be discussed later), the distance be- 
tween the pole-star and the pole is constantly changing, and has been 
for several centuries gradually decreasing. 

The pole-star stands comparatively solitary in the sky, and may 
easily be recognized by means of the so-called “pointers,” — two 
stars in the “ dipper” (in the constellation of Ursa Major’) — which 
point ver^ nearly to it, as shown in Fig. 3. The pole is very nearly 
on the line joining Polaris with the star Mizar (^ Urs. Maj., at the 
bend in the handle of the dipper) , and at a distance just about one- 
quarter of the distance between the pointers, which are nearly 5° 
apart. 

The southern pole, unfortunately, is not so marked by any con- 
spicuous star. 

16. The Celestial Equator, or Equinoctial Circle. — This is a great 
circle midway between the two poles, and of course 90° from each. 
It may also be defined as the intersection of the plane of the earth’s 
equator with the celestial sphere. It derives its name from the fact 
that, at the two dates in the year when the sun crosses this circle — 
about March 20 and Sept. 22 — the day and night are equal in length. 


17. The Vernal Equinox, or First of Aries. — The Equinox, strictly 
speaking, is the time when the sun crosses the equator, but the term 
has come by accommodation to denote also point where it crosses. 
This crossing occurs twice a year, about March 20th and September 
22d, and the Vernal Equinox is the point on the equator where the 
sun crosses it in the spring. It is sometimes called the Greenwich 
of the Gi^lestial Sphere, because it is used as a reference point in the 
sky, much as G-reenwich is on the earth. Its position is not marked 
by any conspicuous star. 

Why this point is also called the “ First of Aries ” will appear 
later, when we come to speak of the zodiac and its ‘‘ signs.” 


to the celestial equator, laey corresponu eiaouy lo luc lueriuiaus 
erf the earth, and some writers call them “ Celestial Meridians ” ; but 
fte term is objectionable, as likely to lead to confusion with the 
Meridian, to be noted immediately. 

19. The Meridian and Prime Vertical. — The Meridian is the great 
(^rde pa^ng through the pole and the zenith. Since it is a great 
csrele, it must necessarily pass through both poles, and through the 
iifulir as- well as the zenith, and must be perpendicular both to the 
equator and to the horizon. 

It may also be correctly defined as the Vertical Circle which passes 
ftrocEgh thepoZe; or, again, as the Hour-Circle which passes through 
fee mtithy since aU vertical circles must pass through the zenith, and 
ah hour-cirdes through the pole. 

The Prwne Vertical is the Vertical Circle (passing through the 
mmSh) at right angles to the meridian; hence lying east and west 
on the celesrial sphere. 

The Carding Points. — The North and South Points are the 
potnfe on the horizon where it is intersected by the meridian ; the 
®isst Mid. "West Points are where it is cut by the prime vertical, and 
by fee equator. The North Point, which is on the horizon, must 
aot be confounded with the North Pole, which is not on the horizon, 
tefe id ah delation equal (see Art. 30) to the latitude of the observer. 


Wife feise Neeles and |K)hife of reference we have now the means 


|0> dwsrfte iutel^fely fee posMon of a heavenly body, in several 
fes c^ude and (Mnrnth, or its declination nod. hour- 


ly w® know fee feme, its decimation and right ascension. 



paim of <M>orduiates., as they are called, will define 


21. AMtttdft sad & distance (Fig. 4). — The Altitude of a 
heavenly bo^ is its eH&wxtion above the horizon, and is meas- 

ufedby the MO feeyeefesai drde passing through the body, and 
inferoepted betwemi tfe a®d fee horizon. 


meaning as the true hearing in surveying and navigation. 

Z 



Fig. 4. — The Horizon and Vertical Circles. 


0, the place of the Observer. 
OZ, the Observer’s Vertical. 
Z, the Zenith; P, the Poie, 
SENW, the Horizon. 

SZPN", the Meridian. 

EZW, the Prime Vertical. 


M, some Star. 

ZMM, arc of the Star’s Vertical Circle. 

TMR, the Star’s Almucantar. 

Angle TZM, or arc SWNEH, Star’s Azimuth. 
Arc HM, Star’s Altitude. 

Arc ZM, Star’s Zenith Distance. 


There are various ways of reckoning azimuth. Many writers express it 
in the same manner as the hearing is expressed in surveying; i.e.y so many 
degrees east or west of north or south ; N”. 20° E., etc. The more usual 
way at present is, however, to reckon it in degrees from the south point clear 
round through the west to the point of beginning : thus an object in the 
SW. would have an azimuth of 45°; in the NW., 135°; in the N., 180°; in 
the NE., 225° ; and in the SE., 316°. For example, to find a star whose 
azimuth is 260°, and altitude 60°, we must face FT. 80° E., and then look 
up two-thirds of the way to the zenith. The object in this case has an 
amplitude of 10° N. of E., and a zenith distance of 30°. Evidently both 
the azimuth and altitude of a heavenly body are continually changing. 


s 

! 


The Am.plitude of a body is the angle intercepted between the 
Prime vertical and the Vertical circle which passes through the body. 
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DEFINITIONS AND ^IKNKKAI. t 



In 1%. 4, MiVlF re*prt'H«niti« th«‘ ls«<ri/»tj. 
and Z thft zenith. The an^le *SX1/. wht*'h^ 
are *S7/, is the Azmitik <»f the utar .If; #•:/■ 

Amplitude, MU is its AiiUmk, iimi ZM il'* 


lllit- fiOlitli |<.J»|fs|, 

\iM% ti*«t 

If. »r stfi 

ih ifii ?»»■¥>, 


23. Declination ftnd Dolftr Ditiaaet i F»ii. T3«‘ I»*'r.|ni.di.-4i 
of a heavenly hody is iDi ttmfuitir tilufnnn' m*rfh «r »*f flir c-rfr#. 
tial miuator, and is meiwured by tie* at*' »d tie* ymt^r%ivh‘ 

through the object, intereeptrd il llie . If m 

rcokoiied positive (d”l north of the and ssfi’Hiiirvi’ < • ■ i 

south of it. Evidently it is |irefi»ely aii;il«a*»r=* »« thr Ijtiiri.'lr* st 
place on the earth. The Hnrtk-p»t»ir «»f a iU 

distance from the North Ihde, litul i* siittfily tlt«" »»! 

deolination. Declinatioti 4* Noriii-I*«kr IHstitii**** - ’ ‘Ki", 

The declination of a star rewaiiw nlway« tlir^ samr ; at iIm* 

slow ohanges that it unclergiieii iiewl not b* f«»t «iii' iiri-ii-' 

©nt pmrposa. Fandteh of m*’* iiitall |i*«tails’'l 

to the eeleibial 6tj[i»tor. 


24. The HouisAnfl® (Eig. U), —-Tin* I {*'««•= Atigh* nt n mm m ilit’ 
mffle ut t/m pok btdmmn dm merkHtm am/ tkm A-fffir-rfVrl# 
through th$ #fan It may \m rw.kiiuwl Iti A**gt**m i t«it ii, al*M iiiay 

he, and most commcmly ii, tii kmm%, *t$mi mrmidi 

oftims,* til© hour being ©quifaliiiit t» tlfl»*ti m%il ll»* iwiti" 

ute and second of time l»iitg to tiiltiiit#^# aitd mnmmh 

of are respectively. 

Of course the houp-anfle of an dl)jw*fc it fliiittiiiiinll| dimmmg, ii**» 
ing zero when the objec?fc it on tiii tii*»ri*li«ii, ♦iii*’* Ittnir, «f llfto««ii 
degreosi when it hat- movitl tliit iitnititil w««lwa.nl, anti m mt. 


' 20# Eight Ascension (Wg* i). — Tli« Elflit at » »tar 

m ih& angh at th« poh htdtmm th-B rfii/i ami ik-e kmr* 

(drok (mtkd tk» wkkh fimm* ikmmgk lA# mrmtt 


It may b 
twim &# 
It is 



aid. also a# th# lu^ of -tte liiter««|A*ti l» 

©qtdnon and tib« tmM ©f itiw 
»dbpnid tmm tto WfiiiiM** fmmmmi lA# mati , *<iiit» 




{JKLKHTlAt. 

m. Sidereal Tim© (Mk- "*)■ 

it is w»n\M‘niei)t tu nu-kmt tiunMi**t by tl»'‘ m ll»«' 

hut. by that. «f tla* vurnal fqniiunf. 

T/w Shlemil Timr ut any t«say !«’ 

,in>/h of fhi' oomnl e>/ithfor. It ih tl--*’ r*|iiit,<ii- 

Ua’l iKhnt i« nn Urn innriaiuiu 1 »Vlork wlijri I,«ir 

angln iH irr; ami nVlufk whmj it:^ liMiir i^* .'•b"* . ^ 
the vfnial fquiimx m an Imur nmi **f ilm iji.-rnliati ; th*’ fsro*' 
rfcknnml ruuml thruUK'h tin* wla.In 24 a.-r-uisjii il.*" 

annual motiuii of t.lm auti aimnig th<’ f*larr-*. lb’ by ‘Ainr^li 



o, <rf «'te i M, ttli XrtiUb. 

MKNtf, th« HurtPiii. 

/»«/*’, Uw A%U «rf lt**» c;#i»tW Hi4wf», 
f* stuti l*\ thi'* l«M ttf tti» 

tlw Kmttal»r,**r K»j|iut»«»i»' 

tint. 

X, tli« V»'rrwt «>r '* Fir»t *4 .lrir« “ 

fXr, ttw KqMtHtw'ttal f»»Jur»», «ir X»f'«4 

time ii r»»k<wed f<ir nrtiitiary |im 
tliim the iklftreal clay. Th« 
or juat tm« day in a ycmr; tli«r*< 
year, tw agahiMt mdtir dityn. 


! W, HS *f 

\ ^'*9, !!♦*• l<.» 

«H#*W ■• - 

#|ifW •*««»«•» '«•'* f»l 

-t#”*** 

- 'ii 4 *»«»»«■» ■*♦<11 i«i 

ifi llbrtil I 

irt .'I**-- j j, 

iisdirg dfl#»| ditys iu ll»y* 

lilrtti Arts. I |il aiid ilMMi, 


27. Obierffttory Doflaltioa »f Eiflit Am^mim. It IS *^y|s|rSit 
frtntt the ahnvt? dcdinitiun uf Hidt’mt! tins«* lluil w*- iilsM drills*'' thr' 
Right AstauiHinn tif ii star ii« ik^ itmi^ wlwa llw 4l*tr *'TO«#r.* 

the memlmn, Tht^ Htar aii<I the Vt^riia! K*|tiiii«« Jir*' fj*rit*Ait'!4lii i 



DEKINITHiNH ANI» ATI* 


If] 

poiiit-H in tlsn ftky. ninl «i«? is‘»t fisru iws-^sit j,iij 

(UiriiiK^ tlu* nkyV aj»|iar«‘!it daily r«’v*4nli<i« ; :T,a, 

always wniins tf» thn iuf*ri«lia« tjf atsy tiss’ nnmhrf »4 

liourHaftoi' tin* vnriutl han ; ;if!!i lli3=*. tviiisd *<*'■? ->4 

is tlu^ sidnrca! at thn nf fli<* 

ifcH right asmisidti, hi tin* c»i»«#*rva!Mri. jt’ii rrf rijjlit .'i^, 

ceiisiou is tha uumt natural and , 

It is ohvimis that; tin* right nf m '-it.rir r-*.rrr- 4 .i,rj<|.-:- m Hi*- 

sky exactly with ihv hntf if mir tif a <♦« ih*- 

longitiuhi being reekniieil from CIm'iiwirii, jtiRt a.-» fight a-ir'rt};»i^>ri 
reckoned from tin* vernal 

N. 11. Wfi «httll Jind iimf fiir iieffrr-niij i»Miir§ is.iri" lti#i' 

tudeH ami ImitjUudeH nf ihidt tmm .■ tmt tsn/»trfmm^f€i%f 

latitudan and ttmtjlfudt*M dt$ nut f-ftrrf'gficmd l» irirrt*fr%-.d, 'lind */rr#f 

earn u ntfemartf ta prm'mt fm/minn. ('I%iv Art IT!*.) 

28. An armUlary Mphei^, nr »iii« o*|itivi4iirtit a|i|ariit.ip. i» «|tit««i 
essential to enaWti a k^giiiner to gi-t imm-i. iilma «»l iIp* 
circles, and ooowllriatei titfltietl iilwfi*, Iml tliv IIhup’ii mM 
b© of iwsistitnee. 

The first of them (Kg. 4) tin* IwiritMH, iin,| 

prim© vertical, and siwwa how tii« iMwitkiii «f a atiir m hy 

ite altitude and Wiinintli. Tiiii f»ifi*3W«rk of riiv|*'«, ii,f 4 «'.|n|}ii||- 

upon th© direction of gravity, to an it iwy rnM'mn 

always remaini mppamnify niwliatiged iii wIiiIp ifie &|y 

apparently tumi aroniid rnttoidii it. 

^ Th© other figure (Fig. 5) repr*»***iitf< tho ,ii4 

cirokg which depend upon the «‘ftril4ii Aifd 410 

of the direcfbion of gmfity, Th# ¥#*?»»! r^pitoot And ti ir/ hoiiiS 9 IP Is 

apparentiy re?ol?i with tl» mm wUU ttn t^n* pn* .1 i*|m i* 
the meridian, Mui tia «|wtor mmI pawlW^ of «l» t t ^ i.h mn 

truly in their own pkn«, &p|#f)»f to t» m% mm ii« fhit 

the whole syiteiii of liati md {Milnti wprr»iit#4 lit liir 

mn and meridian atone exe«|d«l) nwy Im rjii 4 rh *'4 »«. 

or marked out upon, th« Inner siitfare of tlie j,»»| 

whirling with H. 

It meed Itatdlyht itid 'Ih# ^ ?t«« ifeitltitil « 

that whitdi m really earrletl -ftrownd % m futelloa !• tli** 
twer, ^h m ^mrnUm mA kk hwmm ierHilsrti j 

wM!* to (te, rtiU-at hm, toi, makm m * «. 

mfenslble » §©« Hj®. ^ 
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At thn fif th« <nu'fh, wliirli ar<'% 

the of the of X»»rt!i iin4 hs 

down. . 

'rhorn thn |k»1o ({•«di‘Htia1) nnd ^odlli roiorhK rtml imy mimlm-r .»! rss 

utay b(5 dmwii throu^i the two hi^*' ss^’a- nr.*'. 

hori/cJii aud ctiuator rojdoKr**, stitd llio only «.«is ti*« a ^-nt 

jH d»H witdh (r»r iHtiili) — i’uh!. and %V4’^4 luivo vaor‘.l»<’4, 

A ?<Ul|4l«‘ of th«i o!»f«’rV«*r will, ImHVi'V*-!', iicUM-dy ilo- 

and polo will and liw lurrhliau will aKain l•r^■*.}ss.* .Ir-f 


09. To nnjfipituIattT : 'I'hn flmWion nf iii tlw« iiidii! 

this cdiicrvfr Htondn th*ti*nidiis'H tlin Kfiiiili and Xmlii, rnmt 

the AlrmufiintarH (pnriilhd to tin* nttri/.uii) , hwI »ll lii«- tdr« |r'». 
Oiuj of tlio vc?rtk’iil«i thn i^* wliighal from tii*' rr,«l l*y 

ttie elrcmttttteufo that Ifc imaHi-H tliroiigh tin* jmk nt tiip iiimriilitii 
thf. North and Soiitli Points wlmn* it cnit#* Pm hori^.oii. 

AlUtndo and Astinuith (of thdr /mnlth fij-Aain'r. 

RUii Atiildtlndw) am tha fO-ctrtUttttttm di-ftlniiat^ lliw |«*#illtifi 

of a body by rttfrronw to tlm 7.t*idtl$ aiul tlw Mt'^ridian, 

Similarly, tint uf f/o* ssjth (wlik'li la iiab’fwiitb'fit 

of the cj1werv«r’« plimw on the eartti) deter«iiiw*» Urn iXdrs, tlwi 
I5qtmt«r, the Piifftliid-a of Diadlinithiii, and the Trrti 

of fcheiie IIcHir-t'lreh’s an* iiwgb*d mil fw ridermr** llwm j of tlir-fii, 
tho Meridiftit, whl<*h !«»«*« Ihrotigli Itiii Zenlifi, «»tl i« a |«tr«df 
h&d rtiforetittfi li»«i Pie other, lli« I*h|iiintHJllal C’oltir*% wliit'li 
PiroufU Pill Viriiid Iw|iii«ox, a t*lwweit from ii-#s irbiyun u» iIia 
itm’M aatitiil nioPon, I>eciiiitJiP«ti and Urntr^- Amjk mv tlm nt-tmU^ 
tiafe» whieh refer Pii of it *l.ar to tliif lAiIit tint ^friiiilaij ; 
while I )t*df nation and RItjkl A^mmhn refer ft b* llie Pub* nini pjitd* 
acK?tfii! Ooltiri. The latter ara Pie eisotirdlitateM iwtntliy ewi|»bif€«l tfi 
gtAr"t''aPiloguc« and ephititierldwn Ut define lii« |»rtlilfi«?i «f uiiws awd 
planefca, and eorreHjiond to lalitinb* ami btiUKittid*' «« fJit* tmiili. 


80. Etlatien of Appar«t JOiitrnal Motiott of &§ Sly to ti« 

Obiorror’i Latitei#. — K%'l«leiiily the ii|}|imr«oit iiiuilon^i «.if iim .fsia« 
win bo fonshleritbly InfluencKJtl by the »tntl«ri «f the tjii**ervrr, ►iiit’# 
the pliu !0 of PiH |Kdi? In lti« »ky will de|mHil ti|«,ni It, Tim Jiltimh 
of the I'Kilo, or Ite hekjkt m tkyrma mlmm the liorlioii, Im sltr«w ««|iittl 
bJ the TMtltmU of tlw of server, Imlewi, tint (lernmii for klb 

Pidi (Mtrtmowteal) ii »tfii|4y ** Pole.|i«%lilP^ 
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LATItri*!-: Till-' r<tl tr^ 


Tlili will tw' fmm ,.r j.fjr-,, |* 

th« omgtfi Um I'fhimMr^ !in4 fij.*- ).hvi,f -f -fftr _• 

angle ONl^ In tfH’ (’If tlw r-aii-ii ac i*- tx^^h »}4'3c ?•;■<■ ;il, 

would tH»illC'k|t» wiltl (\ r«'«lir s-f Ifir 'I'lir- 

dennitkm of ktiltitle ghT-ii in ili»’ ^jrjvj*f-s|,;i;iirrs i.?5r 

diffenuKi:**] 

Now the angle If'dl*"' 't \ --.i|rr. .u-*- mn- 

tuully aii 4 it 1 ^ 5 . ih-f i -./r. 

the line ////’is hork-imlal at ti. f s#'", .inr-, u-.\ ll„, 

oelmtittl |K»lfS is thwefori’' larallrl i« rh«*- »n- ■■•'‘I sjvr 

Thto fumhimeiitiil fplali*»n, fAaf fl#? ?. 5 -f r,?i=f /r;’,- j.fsfrf |-.r,iV 11 

the iMiiimte tif the tthmprw-r^ Iw ,^11 t||„ 

itudent’a roltKi. Tl» ummt ^yi«t.«4 f*!!' I-Ip’ laiafipir <4 3 i.f.'Ps.- ia 



Sl» !Cht Elfht 8fhtri,«»If tli# 1 * ai iii« 

fiarth% ftt|uibteri /»i,|, li latitiKte i**fw (♦ m «#i, ifip «-i|| lu ii^-t 

horiwtt^ ftttd m% equator will im^ tifPtlir»4 Ummtgh Urn 

9 mWk* 

Thi ttoM will rke aw! mi f , »ii«| timk *l|tiriiMl rirrl«» »||| 

»Jl h« Mm$M liy tb^ twrljwm, »» tli*i t||«»| »i|| 

tl «d II bilow. Thto M|m*| #f ||»« k iJ#? ||«4i 

%k«m ^ 

ti* ®h« fftlftlM S^t#, »»If li *1 1^* |»|p »*f 

M mm tta »tetiil pit will to I* ||,*| 

■&i wit with tit hmimm* If I* «| ifit^ Mank 

til® mkmi rnirnm will «»*ii* |•f|»|»«|•ilt|| 


Irt the lUtH'iitinJ inw) will listvt' iiioro tliim Itjilf <if it* dltiriial rirrle 
ttlK>v(f tlu! funl will Ik* vlniUb nmm ilmu half tli« tinm j «m, for 

lJBiitatit‘0, a »titr tit A : anti of wurmt tin? r«v«r»e will la? triiw of 



20 DKFINITtONR AX I* liKXIiliAL himSH, 

on the other siilf of ths’ i’i|oat<»r.* W'ho^n^xt't -nju vx ti-.ifi, ,4 
the equator, the day will ihr nmhi i,,t ;iii 

stations in northern latitsoh* ■ ii«w l*na,i.*r'r mill ^ix-i '.«'■!■, -1 |s4,}i 

on tlie latitude of the plinw» and tin' ?»n!«'4 th*- i r.1#.:;4,a.i| 

equator. 

^ A OelsttW (date will k(of Rpmi a»ifUTiii-r» n? .iV..4i /. „ \3. 

The north ik»!b of th« ghUw* wti*i tv * 4 j-¥a!r 4 ^ 

th© otaerver, which can t»B l»y mraiia «f 'I ' ' • - < i<v.* 

meridian. It will tten at «mw Iw •■■cn ami : ». ,> ■, 

nawr die, and dtiririf mhat |«rt <t»f ilw' yl h<^i3T >; -4 ^ »f, 

dtetanoi from ttm ajwalor k absip*’ m !i,r h^. -3, 

fitnp, t«» Ant, 

The OKlInary «f ili^ <4 ;>■ I (» ■ -f, * 

foot in diftttwter” protehiy ii|w*fi m ‘1^ '• «f' ^'-*1'. , ‘.r 

Ittg modimi® di8t*fiift«, wliriw ism mm tw 4 

hayft to dftptnd upm the initi»(*nlar j-f sitAfu it* - m f,<* 

towMda thft ah|«t kwkwl aL Wm rfsji .v ^ 

fehte hifidriy tmt for dtewifr* #}««*• » 1 h. i *. .i.! *,vfc 

When, tbiWfowH w« hmk at tte tw^nt in tMi<| < >-t t ^ Af,-, i , ^ , ,^,t, 

Oi tiiat it i« at iewt a hwidfwl fwfi sway ; 1 *- ,4, fsr- ■ •i i . » w.s.« * 

of Interrattlnf ohjaete wt iwHaNPlIfeif r«ili4»«bt « »■, * *« tf.» ;* ,*< 4 > 

oomiftet with tjji noa^iwfs^^nm «! imr 4 *<l «< u. *«,#•* 

«l.s 5 i of the diK! to ki alwii thui of a l»»ll *hi< k *< * , 1 ^ ? 4 4 

or m would whttad the swti# «igi« of ti#|f * , 4i*it4 * t< . 4 


Ail'X lUJNU.MlOAL* lN!:iTEUM ENTS. 


C^jrAPTKR II. 


ARTlinXDMinAL IKHTUU.MKNT8. 


we (leKiH! tn iiHftMinin t.ht‘ uppurciit (VmtiuuHs hetwtuni two boclios at a 
given time; wmietiim-H tlu* inmition which a body occmpice at a given 
tiiiHS or the ftiunicot it. nriivcM at a given circh' of the sky, usually 
the meritiiati. StnnctiuicH we wish merely to examine its surface, to 
meiwure IIm light, f»r to tnv{*Htigut« lt« Hiiectruin ; and for all these 
jmrjwwa aiitnnn! hmlnmicutH hnv«« been devlHcd. 

Wo nro|K»w In iIum ehu|jti‘r to dcHcribe very briefly a few of the 
moHfc ijiijfortunt. 


35 . Tildteopes in Otneral. - -'rclcHtu^pes are of two kinds, refract- 
ing ami rcllccrnig, ’The funner were first invented, and are much 
more iwed, hut the hirge‘«t iUhtriimeutH ever made are retlectors. In 
lK»tl» the ruudameiitHl nrin«*l|de in the same. The large lens, or mir- 


iind thw Itttfigo »« then examined and maguified by the eye- 
'll In prii«*i|»k l« only a magnifying-gluHs. 

irin «f huwever, iutriwlueed hy (hdilced and Btill used 

ra ghiM,** thi« ray^ from the «»hjiH'.fc-ghwH are Intertutphid by a con- 
iiieh |«‘rf(»rs»i* th« office t»f an eye-piccu* hefare tiuiy meet at the 


i In itrietiiei*, iliti rttit Invent th® telescope. It# first Invention 

ittmi to have t»rwi In hy {4pjM‘rfn»y, a tpectHoU'-maker of Middleburg, 

In HoflamI; Ihotigh tfic hotair ha* also been 0 lffllrtied for two or throe other 
Dolch t>pfi»ini»*. (Jslllrfi, !tf fijs “Kandu# Hydereii#,*’ pubji#hed in Marcli, 
tutu, himss-lf’ «y« dial !»»• had limrd of the DtUcfi inwtrimientB in liiOO, and 
hy w» liparinif wm Ird to consitruct Ids own, whhdi, however, far excelled in 
power any that iisd hern msde previmisly ; and he wa# the first to apply 
the tdrMti|w t« ABirmmmy. feive (lrant’» ** lliitory of Astroaotny/* pp. 614 
mi mq,q. 
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AHTItf>K( >%f If* A I. I 


36 . Simple Erfrwting Tslwcopi. “ ~'ri« a iw 

shown in the flgtiro (Fig. H),of ii tnl«» vtmUmmg : a singlr 

convex Ions, A, cnllwl tlio o1iJect-gliis« ; a«»-i *4 fwwlli^r 

and abort focus, /I, ealltHl tin* ina’-i ««•*••. llw |‘fis« i|iWti «tf , 

lenses the student will see tlmt if ttn« i!i‘»ir!miriil l»<' 4 si a «iw- 

taiit object, tlie nioon, for l«slam*<% nil tli<’ rava. fail 

upon the objeot-gliiss from n si fl»i» «i|| |»? 

collected at a In tlii ffwail plum*, nt il«* *4 }»ja|tr. i%3ti}}» 

larly rays from the bi>ilmn i>t tli«* will ||<» !*♦ *4 iImi 

imago; raoroovor, linoo tlie ray« llial iww** r*|*i 3 r'ft| rrnifw 

of the lens, o, are uiidevlntcd,^ Its* riiigi»» will r-*|!i.}| { tsr, In 

other words, If the fwat leiigfli f»f tin* liii^ !»’ 1111* U*-L !«*?■ 
then the image of the inoori, sinni fh»i« a ilblurirr »»f tlrr- f*^rts will 
appear just as large jw th« ilwlf Iw ili*» uly, . i| will 

subtend the same angle. If w« h«»k at il m muAIrr 



say fi’om a dtitanoe of on® tfnt will lr»k lt»fi tb« 
moon ; and in fact, witftout twlng ait at all, a |wf»ii «lllt 

normal eyes cm obtelo imastttemblf* itugnifylfig frt$m tin 

object-glass of a large Willi a l«« ijf tea f «'4 f*»»J 

length., such m is ordinarily iiitd in mi tm** riii 

easily see the motmtaitw on tin* ititwii tod iJiii natelllt## tif 
by taMng out the iye-ptece, and iwltlftg tli« iije Iti gi# litiii of 
some eight or ten fnebci intt*. of tJ»« 

The im^i is a wai omi f.#., the rii|» tlut itum* tmm illffrrriit 
points in the object at eoiresiwifliiig pilist* In tti»* liii* 

. age, so th.at If a photogmphle pkto wtr# liwtel m mk, »*4 
erly exposed, .a ptort wmiW bt obtaM., 

If we look at the Image wl^ the tial«l ty#, wi »«• ftfifer 


1 In this «apl*ttftfcIoa, wt nm appartwii* tf ItiMti {h *ltefc ifc* 
IMotaif#*^ hi. nsfltetid), » gmm In ^ mm t »! 

theoiy of Gaait and later wrtttjni woold remits ^mm rtlifcl I« mm 

alatefflsnhi, httt nens: of any ttiftterial fwpsrteaiWji Wvf a 
/afe.d'irtn,, fhjflif og ftittye. .. 


niVH from any {nunt erf tla* !mn},ji* will. nfleT »'«»«- 

viTtcel into a imrnllal Ih-iuii. iiml will n|i|H%*ir fo fl««- «•>!• lo «•«»»!«■ fioi« 
a point at an inliniti^ tUHtamas nn if from »« nl«|i*ot in iJm* I lio 

raVB wliu'l) ranic! from tlm t<jp of flu* iihmhi, for i«»»l i»n' *•*»!- 

Ifcfccel at (t. in the- iinn^*, will reau-li tin* <•}’<’ hh h f.# ihr^ 

liiK* H'hu'h cnii}i(‘iin tt aaV/i ihe< ttpfit-af rrfitrr nf ftir funr. Siifii* 
Inrly with the rayw wliie-h moat nl, h. 'I’lu: ol»?4rrvr>r, »ili 

Ktui tlu! (ftp of the* inoon’H eli^f* in flu* tllri'flhm rk\ fta»l llso lit 

tho (Hractimi (i„ It will appoar to him inrrr(p»i, luiil uriMiily 
fitul ; itH iipparimt eUanu'trr, hh mmn l»y tlu- n«k<-«t ryv ami «ioirs«rr*t 
by thu angle' fiffk (e>t* itn {'spial bavinai b«>rn iurrrji**r»l to 

Since! both thci^c! nnglcH art! hiibii-iiflctl by the H.’unr line ol*. jouI ar»t 

Hiiitill (the Ilgtifc, «)f conruc, In uiiu-h tint »»f pro|»t«rli*»n|. lb«*y stiu«l 

bn InvcrHcly proptaiional tt» the ilittlniu'c nh an*! ; {,t\^ l#t*i ; 1#.'** 
ehio(t\ or, putting thin Into wtireln; The rutui Itetwcen ilu- iifilur-iil 
apparent elinmatcr of th«! object, ami Hh ilfaim-trr as w-im ilir«»«i||l4 itu* 
teluTOOpc, W (a (hf ruim ftteai Irmpkt ttf ihm tym--- 

Ims find fthJpi’t-ijhtMn, l‘hk nttui la tli*« mwjid/fiimj pun^rr 

of the telewotai, itml In tliiiivforu iflvcri t»¥ tlu* »lmj4c !f«»iiii«l« 

F 

Msm »«, whtii^i FU Ihi fewal limgtti of tlm ami / ibut of 

eyo-pleat!,* while M i« th«t uiitgtiifyHtic iKiwrr. 

If, for exfttuplo, the tibJwt-giiiHs fmvit a b-iii-t!h of tbiity fi-ri, 

ami tim cyc-plcce! ot one Inch, the magnifilng jutwri' will !«’ hiisi; ilif 
power ttiay be ohangeal at ph-nsuru fey Mtitmilinlinn tliffermt rye* 
piece.a, of wliieli every large leh‘aeo|Hs Uhh an 

S8. BrifHfeftiii of Imaffi. — Hliiee nil ilu» riiyn ftottt a wttir wlildi 
fall upon the large objiHefc-glasH are triuminittcd to ilie ulcicrvcr'^ rys-* 
(neglootlng the losneM by alweirptloii ami relleelhin), be iibvi*iei^4y re- 

* A amifnlfyhiif |«>wtT ef 1 i« lu* wagulfyltif tn»w*«r it ill, fH.jt'ri ««4 Itiwgo 
feuhtcful eejuiil sniglcs. A eie«iinifjt'l«|{ j.j' « •ay |, mmhI,! 

Ik? tt ^Kiwcr, timkiisti the* nbjrrt hiMk s#a«iWrr, «* we bi*il, »l mm db' 

j«ct throttfli the wnnig eml «f # 


24 




selves a quftntily of light IliiM-h grr-au-r l.sr m^mU r>al 3 if»||y gpl ; 

M mnnj' timfs grriil'i'r aa fi«' p.o.-a «»f tlsr i* tlwfi . 

tllEt of the |nijhl of Ills’ ey**. If W*’ lis%'i!ig ,»| 

dlarrieter of onedlflti of an iiodi, iIkw s ti'-lr*-. .iijr- »«i3l4 in. „ 

crcani the light |!so<-b. h iisii#'#, > 

and the great IJek tsdr*w*»|M% *»f 311. lira’ aj'-r ?!«?#■=, ‘ 

the ammiiit liinng |irs»|M.»rlioirsJ Ixii i.h*' *4 tke 

of the len«. 

It must not t» Wi|)|«W‘»lt hows^t*’?. Ilrs! Ibf a|.|«jr:f>t| l:iTs„jj!|fi|r»» ttf 
an object like the niswsii. or a |4at«'i «lilrli !ilp.*»a a .,|i *»% i» lisrfr a.*«| - 
In miy «tu;h ratio, ^iticc th*’ py*' •iJaH’*!* •|ifs" rifl % I I'jr* Isijljt |.i s 3 ' 

vaitly more cxtcnHi%'«* angtilar arpa, 3< .r’-sr.lsiii; fr* s^» j 

power, in fact, it s’ati Iw* Ih-Jtl «« a! :ifr»t%grnnrul ruu ^ 

«hnw an exUwM nnrftir* brighirr llisiii il a|^|arsfa |/,? ili*- ua^r^l : 
eye. lint itic loinf #/?fO?ilily «*f «liii#*’.i| ?s .iifralli «:«-.#»* a *«%! ' 

by the tttle«*i»|«», «iul In c«»nsrtp}»’iiP»% mnltiinjlr* ,4 mm'*, fir l«i | 
faint to Imi visible to llip «■•%#% atr ir'irtlrai , »liat i* | 

practIciiUy very iw|airtisnt, ikm <i.r* tbiy i 

with the teliiwpf . i 


00 , IMfttjioteM of «— Till* «fe|»*ft 4 i ii|w»i} III# 

witli which the len» gitbcw to s In ilir- i-m-nl »il 

ths my§ which fmiintt# te«a Um €nm**immlimg im$imi im ili« 

A single l«i».» with i|ii#rte*l «irft». einntot tk* lln* t#fy I'mtMlw, 
tihs ** abcrratloni ” Iwing nf iw» kiwi#, i|t»i Blmrm§i*m iipI 

ttii ehfOfntttie, Th# biraifrcciiiiti in* if || w-rfi* w#;i#fii 

by illfhtly mtxlifyfiig tli# tmm mt tli« ; l«ii «*» t«iirf , 

whliA ii fir iiopf tsttiiiiil, tiff 1,‘^iifrti in mmrk «*y, 

Ths TtolM rays t» toir® lltiii ml, »»»! !*»’» 

loans attMT Itas 1 m tii«t tl* iititf# ©f » ii«f lit 

% fettf ew n,tf«r b® t Iit»ii4iii» piin, tmi h * |i»fa 4 i mt ligfil 

ol djlff^r^at oolor at 

If -iiiiilti* tip tllMHiftof iif l|i|i* %fst’|' »tiii#|| 

as Mwpwd wl«i to M tettgtfi, immmm ' 

a «4 wtaetes w«ra wmd, l^i, tet|«g , ^ I«* 

md n.dhm^f ^ ift « rim In^ «. Up, 

'top ^ a ^h pel# «yi tto 'wm <111 * .p|*f»te W*#* , If uf . 

fy« and Cwrfttl both^ »a«l « iiifitl 
4*feRWift»4eH, rti 'Ittelna ^wtm® wrf 1 * ^ ^ 


AHTIlONfJMKJAI. INSTUrMKNTH. Zlt 

41. The Achromatio Telescope. — 'riit* rhnifnntlc alnn'rafinn *if « 
k*nK, aH line hocn Haiti, (‘luinot, ha ciirati hy any ni(Mliil('ntif»n ttf liia laiia 
ilHoIf ; l)ut i(. WRH tliHanvt'rctl in Enjiflaiul nhttut ITHO that it nan ha 
nearly comatted hy making tin* ohjact-ghwH nf tint iar rtu»rt‘) 
nf (lifferent kindx of f/litsu, anv tif the letmcH haitig <*(»nvi*x ntul tin* 
otlier (‘oncave. 'Fhe convex Icnn in UHually nindc of mui'n ghi«H, the 
cnncavc of Jliiit ghwH. At. the Humc time, iiy prttperly ehoiming the 
(airvcM, the Hjihcru'ol nltcrratitm can alntt he tlcHtroyctl, ho that Hiich n 
{•()inpt)tin<l ohjcct-glaHK coincH rciiHonahly near to ftiKlUiuii: tlie con- 
dition, that it nlundd gather to a mathematical point in the itnag‘‘ ah 
the ruyn that reach the uhjc{*t»glaHH from n Kinglc point in the ohjecl. 

'riicHc (ihjr*ct-glaHW‘?« Htlmll of a coijHidi'rahle vaiioty of form**. Fortncriy 
they were generally in.'wlc, an in Fig. tt. No. >1. having lie* two clone 

togctlwr^ and tht* jcljiuumt stirfm'ca tif the wtnie, (a* imarly tlic Hanie, rurvio 
ture, In stnall olijjag. glanMCH the Ii'Usch are often cctnented togelhci with 
(’antwla halwun or wmte oth.*r trauH|ntre{ti mejHum, At prenetit aoitie of the 
best makiTM Rejtarale the two len.seH hy a con«4idcrii,hle di’^limce, so to 
adtJiit a freiM'irt’ulution of air 1 h*! ween them; in ilie Fulkowa ?mi« 1 t'rince. 
ton ohject- glasMCK, coUHlriieied hv 
Clark, the Jenws are wvim SuchcH 
apart-, attd hi the. hiiik te!eM*o|te j«ix i- 

and a half inches; twin No. L In —-Ij ^ m»w« ' itUtnmi 

a form deviwd hy (lauw (Xh». 2), t%ah 
which haa wane a»ivantiiK«, hut la Ferm«ef i}» 

atrncult of ponwtruetjou, the curven 

are very deep, and hotli the l«n*i** aw of wiitch-gla^s form ■■ vtmvmp on one 
ilde and convex on fchtMilher, In all thew* forma the crown glass b oniwlde; 
Hteinhnll, Ifwtings, and others have eornitrncfed leiiw» with the jluti fihtm 
leni outside. OhjecFglaw** are wjinetimea made with Mr#*#* len»es iiiMteml 
of two; a alightly better cornad-ion of alM'rrations win 1«* olttalncfl in llii» 


> atanire it mn’ 


halo, which w not very notitmuhh* in u giKid tclcsi*o|m of Hniull mi-zc 






AKTU«»SM’in< ' \ l- I’v'HTiir 


2fi 

Ihfit am (’fft-rlk*’ jis th«-> Mn*' as^.l I'll} mlnrh r-^m^ || 

U'ill Iw alnin’>i.f vNMalU ), >’1 !i,tsl»'s-j 4 i 3 J v sV-is^j. *,» si 

ttssra}ilij«’ t'urs'»'rl 4 tr," t^ay i«’ i m% Iw' <ti( m <4 ifirt 

Cl}*jl-rf«J4la'»‘4 « }»«•!! Ii»'ril«-»l. ,\ n>’« fMTSii «4 - 1 j;4AV3, .f*- "* s T=*' . I 

I'lilly l»y its Slii'* r»snt 4 T v mj'l n-, r.ji,;'!,ir 4 i? .,} 4 s! f jj,, 

t)f a fjiinl l«*UH l«y lb*’ h'u» <■<}' I4 a ii.nrt '»jsr-jj 

pul »'[«*’«>!♦» U»»* ilj«l %Mili llj«' jiolhf 9rrlf 3! ■tn.Sil.-'-! 5 i | ■*'..? 1 r-' f t.ihjfmi. 

glints fur visiliil plirjwt'ir"* ; l<SiS !*%- IIoj-. h n’t^ wsli. Ii|is 

tnon* t’iUlvr’X fsi 4 <* fniitUiirii, r|j »4 si-pai-ilmij l)t»’ loti-'-j ■•? ar, ivn li ■<»» |i 
(•tiHU's a ph* •lours plii*’ 

43** Pliot 0 *?istiiil Objftslivti, Mtn'ii i» Imsiw'sI tin-. w?«i* *4 
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perfectly round and well defined, without wings or tails of any kind, having 
around it from one to three bright rings, separated by distances somewhat 
greater than the diameter of the disc. If, however, the magnifying power 
is more than about 50 to the inch of aperture, the edge of the disc will begin 
to appear hazy. There is seldom any advantage in the use of a magnifying 
power exceeding 75 to the inch, and for most purposes powers ranging from 
•JU to 40 to the inch are most satisfactory. 

44. Eye-Pieces. — For many purposes, as for instance the examina- 
tion of close double stars, there is no better eje-pieee than the simple 
convex lens ; but it performs well only when the object is exactly in 
the centre of the field. Usually it is best to employ for the eye-'pi&ce 
a combination of two or more lenses. 

Eye-pieces belong to two classes, the positive and the negative. The 
former, which are much more generally useful, act as simple magnify- 
ing-glasses, and can be used as hand magnifiers if desired. The focal 
image formed by the object-glass lies outside of the eye-piece. 

In the negative eye-pieces, on the other hand, the rays from the 
object-glass are intercepted before they come to the focus, and the 
image is formed between the lenses of the eye-piece. Such an eye- 
piece cannot be used as a hand magnifier. 


Bteinheil ‘Monoceritrto* 
(Poaitive) 


45. The simplest and most common forms of these eye-pieces are the 
Ramsden (positive) and 
Huyghenian ( n egati ve) . 

Each is composed of two 
plano-convex lenses, but 
the arrangement and 
curves differ, as shown 
in Fig. 10. The former 
gives a very flat field of 
view, but is not achro- 
matic ; the latter is more 
nearly achromatic, and 


Rartisden 

(Positive) 





Suygkenian 

(Negative) 

Si 1] ’ 


Fig. 10. — Various Forms of Telescope Eye-piece. 


possibly defines a little better just at the centre of the field ; but the fact 
that it is a eye-piece greatly restricts its usefulness. In the Rams- 

den eye-piece the focal lengths of the two component lenses, both of which 
have their flat sides out, are about equal to each other, and their distance is 
about one-third of the sum of the focal lengths. In the Huyghenian the 
curved sides of the lenses are both turned towards the object-glass; the 
focal distance of the field lens should be exactly three times that of the lens 
next the eye, and the distance between the lenses one-half the sura of the 
focal lengths. 

There are numerous other forms of eye-piece, each with its own advan- 
tages and disadvantages. The erecting eye-piece, used in spy-glasses, is 
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essentially a compound microscope, and gives erect vision by again invert- 
ing the ab’eady inverted image formed by the object-glass. 

It is obvious that in a telescope of any size the object-glass is the most 
important and expensive part of the instrument. Its cost varies from a few 
hundred dollars to many thousands, while the eye-pieces generally cost only 
from §5 to ^20 apiece. 

46. Eeticle. — When a telescope is used for ;pointing, as in most 
astronomical instruments, it must be provided with a reticle of some 
sort. This is usually a metallic frame with spider lines stretched 
across it, placed, not near the object-glass itself (as is often sup- 
posed), but at the focus of the object-glass, where the image is 
formed, as at a 6 in Fig. 8. 

It is usually so arranged that it can be moved in or out a little to get it 
exactly into the focal plane, and then, when the eye-piece (positive) is ad- 
justed for the observer’s eye to give distinct vision of the object, the “wires,” 
as they are called, will also be equally distinct. As spider-threads are very 
fragile, and likely to get broken and displaced, it is often better to substitute 
filaments of quartz, or a thin plate of glass with lines ruled upon it and 
blackened. The field of view, or the threads themselves, must be illumin ated 
in ordmr to mate them visible in <iarkness. 

47. The Eefiecting Telescope. — When the chromatic aberration 
of lenses came to be understood through the opticeJ. discovery of 
the dispersion of light by Newton, the reflecting telescope was in- 
vented, and held its place as the instrument for star-gazing until 
well into the present century, when large achromatics began to be 
made. There are several varieties of reflecting telescope, all agree- 
ing in the substitution of a large concave mirror in place of the 
object-glass of the refractor, but differing in the way in which they 
get at the image formed by this mirror at its focus in order to 
examine it with the eye-piece. 


4B. 


hi the Herschelian form, which is the simplest, but only suited to 
msteuments, the mirror is tipped a little, so as to throw the image 
ci the tube, and the observer stands with his back to the object 
down mfe tfe tube. If the telescope is as much as two or three 
his head will not intercept enough light to do much harm, 
80 wnnM be lnst by the second reflection necessary in 

(rf t he np tenmwt. But the inclination of the mirror, and 
person, are fatal to any very accurate definition, 
mt& insferument for anyaing but ae observation of nebulae 
mainly require lightgaaering power. 




the focus of the large mirror, which makes the instrument a little shorter, 
and gives a flatter field of 
view. 

Formerly the great 
mirror always made 
of a composition of cop- 
per and tin (two parts of 
copper to one of tin) 
known as “ speculum 
metal.” At present it 
is usually made of glass 
silvered on the front sur- 
face, by a chemical pro- 
cess which deposits the 
metal in a thin, brilliant 
film. These silver-on- 
glass reflectors, when Fig.i 1. — Dilferent Forms of Reflecting Telescope, 
new, reflect much more The Herschelian ; 2. The Newtonian ; 3. The Gregorian, 

light than the old specula, 

but the film does not retain its polish so long. It is, however, a comparatively 
simple matter to renew the film when necessary. 

The largest telescopes ever made have been reflectors. At the head of the 
list stands the enormous instrument of Lord Eosse, constructed in 1842, with 
a mirror six feet in diameter and sixty feet focal length. Next in order 
comes the five-foot silver-on-glass reflector of Mr. Common ^ (1889), and 
another of the same size, figured by Mr. Eitchey, and recently mounted 
at the Mount Wilson Solar Observatory, near Pasadena, California. Then 
there are several instruments of four feet aperture, first among which is 
the great telescope of the elder Ilerschel, built in 1789. 

49. Relative Advantages of Refractors and Reflectors There has 

been a good deal of discussion on this point, and each construction has its 
partisans. 

In favor of the reflectors we may mention, — 

First. Ease of construction and consequent cheapness. The concave mirror 
1 Acquired and mounted by Harvard College Observatory in 1905. 
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a little more slowly than it would in vacuo ^ and every change in the 
density of the air affects its rate more or less. With mercurial 
pendulums, of ordinary construction, the ^^barometnc coefficient’’ 
as it is called, is about one-third of a second for an inch of the 
barometer; i.e., an increase of atmospheric density which would 
raise the barometer one inch would make the clock lose about one •. 
third of a second daily. It varies considerably, however, with differ- 
ent pendulums. 

It is not very usual to take any notice of this slight disturbance ; but 
when the extremest accuracy of time-keeping is aimed at, the clock is either 
sealed in an air-tight case from which the air is paitially exhausted (as at 
Berlin), or else some special mechanism, controlled by a barometer, is de- 
vised to compensate for the barometric changes, as at Greenwich. In the 
Greenwich clock a magnet is raised or lowei'ed by the rise or fall of the 
mercury m a barometer attached to the clock-case. "^\Tien the magnet rises, 
it approaches a bit of iron two or three inches above it, fixed to the bottom 
of the pendulum, and the increase of attraction accelerates the rate just 
enough to balance the retardation due to the ah’s increased density and 
viscosity. There are several other contrivances for the same purpose. 

53. Error and Eate. — The “error,” or correction” of a clock 
is the amount that must he added to the indication of the clock-face 
at any moment in order to give the true time; it is, therefore, phis 
(-f-) when the clock is slow^ and minus (— ) when it is fast. The 
rede of a clock is the amount of its daily gain or loss; plus (-f) when 
the clock is losing. Sometimes the hourly rate is used, but “ hourly ” 
is then always specified. 

A perfect clock is one that has a constant rate^ whether that rate 
be large or small. It is desirable, for convenience’ sake, that both 
error and rate should be small; but this is a mere matter of adjust- - 
ment by the user of the clock, who adjusts the error by setting the 
hands, and the rate by raising or lowering the pendulum-bob. 

The final adjustment of rate is often obtained by first setting the pendu 
lum-bob so that the clock will run slow a second or two daily, and then 
putting on the top of the bob little weights of a gramme or two, which will 
accelerate the motion. They can be dropped into place or knocked off with- 
out stopping the clock or perceptibly disturbing it. 

The very best clocks will run three or four years without being stopped 
for cleaning, and will retain their rate without a change of jnore than one- 
fifth of a second, one way or the other, during the whole time. But this is 


